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516a Tuesday, February 5, 20131 kHz, and by measuring DNA hairpin dynamics that were previously charac-
terized in optical tweezer experiments.
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Single-molecule FRET has become a powerful tool to study conformational
changes in cellular machines and many other biomolecules. Labeled with fluo-
rophores at specific positions, distance changes can be tracked with high tem-
poral and spatial resolution. Correspondingly, magnetic tweezers have evolved
into an important force-based single-molecule technique that allows the manip-
ulation of molecules through piconewton forces in combination with torques.
The control over molecular twist is particularly interesting for the study of chi-
ral biomolecules such as double-stranded DNA (dsDNA).
Most single-molecule experiments, however, are limited to one of these dimen-
sions of molecular characteristics at a time, leaving some questions unan-
swered. Simultaneously controlling force and distance in a molecular frame
promises to provide a more complete picture of biomolecular interactions.
Here, we present a hybrid instrument, combining these two techniques,
smFRET and magnetic tweezers, and its application to model systems, such
as dsDNA and DNA hairpins. Our experiments demonstrate a parallel force
manipulation of several individual biomolecules with forces ranging from
100 fN to 20 pN, while simultaneously recording single fluorophores, leading
to an expansion of the available information space.
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Force plays a fundamental role in a wide array of biological processes, regulat-
ing, for example, enzymatic activity, kinetics of molecular bonds, and molec-
ular motors mechanics. Single molecule force spectroscopy techniques have
enabled the investigation of such processes, but they are inadequate to probe
short-lived (millisecond and sub-millisecond) molecular complexes. Here, we
present a novel force-clamp laser trap that is capable of applying constant loads
to molecular complexes with lifetimes above ~10 ms [Capitanio et al., Nature
Methods 9, 1013-1019 (2012)]. Such capability is enhanced by a detection
strategy allowing the investigation of very short interactions (~100ms). More-
over, the high temporal and spatial resolution of the method enables us to probe
sub-nanometer conformational changes with a time resolution of few tens of
microseconds. We tested our method on molecular motors and DNA-binding
proteins. We could apply constant loads to a single motor domain of myosin
before its working stroke was initiated (0.2–1 ms), thus directly measuring
its load dependence. We found that, depending on the applied load, myosin
weakly interacted (<1 ms) with actin without production of movement, fully
developed its working stroke or prematurely detached (<5 ms), thus reducing
the working stroke size with load. These results resolve the molecular mecha-
nism underlying regulation of muscle contraction by force. Our technique could
be straightforwardly applied to a wide variety of non-processive molecular mo-
tors, single domains of processive motors, protein-DNA and protein-RNA in-
teractions, and conceivably to any short-lived protein-protein interaction,
opening new avenues for investigating the effects of forces on biological
processes.
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During transcription RNA polymerase frequently evicts the H2A-H2B dimers
from nucleosomes. This might be necessary to access the DNA but is also be-
lieved to mediate a feedback mechanism by which transcription of a gene fa-
cilitates the exchange of epigenetic marks and histone variants. This in turn
can then immediately influence gene expression by consecutive RNA polymer-ases. Little is known about the role that H2A-H2B dimers play in the response
of chromatin to mechanical stresses during transcription.
In order to elucidate the fate of dimers during transcription, we studied DNA
unwrapping from single nucleosomes in the presence of an external force using
magnetic tweezers. We subjected reconstituted nucleosomal arrays, containing
up to 48 nucleosomes, to tension and monitored the DNA length in relation to
force. We find significant differences in the DNA unwrapping forces between
nucleosomes containing canonical histones only, the H2AvD histone variant
and H3-H4 tetramers. This reveals an important role of the H2A-H2B dimer
during mechanical DNA disruption from the nucleosome, as might occur dur-
ing transcription.
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We present single-molecule in vitro measurements of the DNA unwinding ac-
tivity of the Superfamily 1 UvrD helicase that reveal directly how helicase
stoichiometry and conformation correspond to motor activity. Although a sin-
gle UvrD molecule can translocate along ssDNA, it has been postulated that
only a dimer is capable of unwinding duplex DNA. UvrD is known to exhibit
two different conformations: the ‘closed’ and ‘open’ orientation of the 2B reg-
ulatory subdomain. The function of these conformations has remained elusive.
using a new instrument combining high-resolution optical tweezers with si-
multaneous single-molecule fluorescence microscopy (Comstock, Ha, and
Chemla, Nature Methods 2011), we obtain an unprecedented detailed view
of helicase motor dynamics by recording single base pair-scale DNA unwind-
ing activity (optical tweezers) simultaneously with helicase stoichiometry and
conformation (fluorescence). We observe two classes of DNA unwinding by
UvrD: long distance continuous unwinding (~100 bp) and repetitive, non-
processive (~12 bp) unwinding. We determine directly the stoichiometry of
UvrD molecules participating in unwinding by quantifying the fluorescence
intensity using singly-labeled UvrD molecules. We observe that pairs of
UvrD molecules are required for long distance unwinding but individual mol-
ecules exhibit limited non-processive unwinding activity. Furthermore, we ob-
serve directly the conformation of the 2B subdomain of individual UvrD
molecules during unwinding by measuring the fluorescence of FRET-
labeled proteins. We observe that UvrD is in the ‘closed’ conformation during
DNA unwinding but surprisingly switches to the ‘open’ conformation when
UvrD translocates on the opposing ssDNA strand away from the junction
with the DNA junction re-annealing behind it. These measurements may ex-
plain UvrD helicase’s remarkable ability to switch translocation strands. We
hypothesize that the UvrD 2B subdomain acts as a switch that controls
DNA unwinding vs. re-annealing.
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All thermophilic and hyperthermophilic archaea have one or more copies of the
Alba (Sac10b or Sso10b) gene, which is an abundant, dimeric and highly basic
protein with cooperatively binding ability to DNA. It has been speculated to
play an important role in DNA packaging in the Archaea. Now single molecule
approaches, tethered particle motion (TPM) and magnetic tweezers (MT) were
adapted to study the interactions between DNA molecules and Alba1. It was
found that Alba1 will bind to dsDNA cooperatively once the concentration
above 10 mM. Instead of condensation, the extension in the DNA length for
DNA molecules in response to Alba1 was observed. Moreover, the extension
rate and extension ratio are length dependent, indicating that the initiation bind-
ing sites are increased as DNA becomes longer. The length dependent exten-
sion ratio, similar to that of RecA filament, indicated that not only the length
is changed after Alba1 binding but also the persistence length of the DNA mol-
ecule. Last, it was found that Alba1 possesses dimer-dimer contacts between
two fibers, which bring two dsDNA strands together, suggesting the roles of
Alba1 on the DNA packaging.
